Objectives-To characterise the clinical features and response to treatment of supratentorial cavernomas associated with epilepsy. Methods-A systematic review of the literature was carried out and a retrospective case series of patients with cavernoma diagnosed by MRI and/or histology was compiled. Patient selection biases in the literature review were reduced as far as possible by selection of unbiased publications. Results-In the literature, cavernomas were relatively less common in the frontal lobes. There were multiple cavernomas in 23% of cases. The main clinical manifestations were seizures (79%) and haemorrhage (16%). The annual haemorrhage rate was 0.7%. The outcome after excision was good with improvement in seizures in 92% of patients. In the case series the surgical outcome was less favourable, reflecting inclusion of a higher proportion of patients with intractable epilepsy. In both the literature review and the case series, outcome was poorer in cases with a longer duration of seizures at the time of surgery. Conclusions-The good surgical results, particularly in cases treated earlier, and the significant cumulative haemorrhage rate, suggest that excision is the optimum treatment. However, these factors have not been examined prospectively and, despite the availability of several retrospective studies, the optimum treatment, particularly for non-intractable cases, will only be determined by a prospective study. (J Neurol Neurosurg Psychiatry 1999;66:561-568) 
The cavernous haemangioma, or cavernoma, is an increasingly recognised cause of partial epilepsy. Although there are several published series in this area, the optimum management remains uncertain, particularly the place of operative as opposed to conservative treatment. In cases of intractable epilepsy with good concordance of neuroimaging and other data, the indication for surgery is clear but there are no accepted guidelines for the management of patients with a recent onset or with nonintractable seizures.
The cavernoma is a benign, vascular lesion that may occur at any site within the CNS as well as other organs such as the liver or skin. Multiple lesions may occur, more commonly so in hereditary cases. 1 2 Histologically, it consists of ectatic, endothelium lined channels without mural muscular or elastic fibres within a matrix of collagenous tissue lacking any neuronal elements. By contrast with arteriovenous malformations, cavernomas do not have a high pressure arterial supply or distinct venous drainage. At most, small feeding and draining vessels may be found. 3 There may be non-specific features such as calcification or thrombosis. Typically, but not invariably, there is gliosis and haemosiderin deposition in the surrounding neural parenchyma. 4 5 The aetiology of cavernomas is unknown. A minority of cases are hereditary with high penetrance, autosomal dominant transmission. 6 7 The hereditary form is of high prevalence in Hispanic North Americans. [8] [9] [10] [11] Recently, an associated gene has been mapped to chromosome 7q11-q22 in Hispanic and white people, in some but not all families investigated. [12] [13] [14] [15] [16] As cavernomas do not display any neoplastic features, they are widely assumed to be congenital although, other than rare reports of cavernomas occurring in utero or neonatally, 17 18 there is no direct evidence for this. On the other hand, there are reports of the de novo appearance of cavernomas and whereas this might be accounted for by non-mitotic lesion evolution, cellular multiplication has been directly observed in a cavernoma suggesting that postnatal development is a possibility. 19 The prevalence of CNS cavernomas in the general population is unknown. The closest estimate is provided by postmortem studies, that disclose a frequency between 0.02 and 0.5%. 20 21 On T2 weighted MRI cavernomas typically appear as a reticulated core of mixed signal representing blood in various stated of degradation surrounded by a hypointense halo due to haemosiderin. T1 imaging also shows a mixed signal core but is less sensitive. In some cases there may be contrast enhancement but this is not usually marked. After an acute bleed there may be a mass eVect. 22 
23

Methods
LITERATURE REVIEW
Embase 1980-97 and Medline 1966-97 were searched using the term CAVERNOUS H?E-MANGIOMA NOT CASE-REPORT limited to English language. This found 2411 references; a repeat of this search but substituting CAVERNOMA for CAVERNOUS H?EMAN-GIOMA did not yield any additional relevant articles. The title and abstract fields of these 2411 publications were examined to identify potentially relevant papers which were then obtained and assessed for suitability by one author (NFM). Papers were excluded for the following reasons: data on cavernomas and other lesions was combined such that data on cavernomas could not be extracted; data were confined to imaging characteristics; all cases were not confirmed by MRI or histology; family based studies; overlap with other included series; the cases were not consecutive; the cases were selected according to their anatomical location (brainstem or deep seated hemispheric were excluded but series limited to supratentorial cavernomas were included). In addition, the reference lists of all papers obtained were examined. To estimate the sensitivity of the search, the two journals yielding the most papers, Acta Neurochirurgica (Wien) and Journal of Neurosurgery (eight and five respectively), were hand searched for a 10 year period from the beginning of 1987. This resulted in only one further paper. Finally, 37 papers with 1222 cases were included. 2 3 23-57 Most series contained one or more biases with respect to case collection. Most prominently, 1122 (92%) of cases were derived from neurosurgical centres. For each analysis below, papers were excluded if they contained a pertinent bias and, therefore, the number of subjects varies between diVerent analyses.
CASE SERIES
Patients with cavernous haemangiomas were identified by searches of radiological and histopathological databases at The National Hospital for Neurology and Neurosurgery over the preceding 5 years. All MRI studies with reports suggestive of cavernoma were reexamined by two senior neuroradiologists (JMS and BEK). Cases were included if radiological appearances were typical or if there was a histological diagnosis of cavernous haemangioma. Clinical information was obtained by review of the case notes. Only patients with a history of seizures were included in the series reported here.
Results
ANATOMICAL LOCATION OF CAVERNOMAS
In the literature, after exclusion of series limited to supratentorial or infratentorial cavernomas or to only subjects with epilepsy (more likely to have supratentorial cavernomas), location was stated for 690 cavernomas in 680 patients. Five hundred and fifty two (80%) were supratentorial and 125 (18%) were infratentorial.
Further details of the anatomical distribution are shown in table 1. In 308 patients in whom side was specified, 145 (47%) cavernomas were right sided and 163 (53%) were left sided; there was no significant diVerence in lesion laterality for any cerebral lobe.
MULTIPLE CAVERNOMAS
As MRI is the most sensitive investigation for detection of cavernomas, 58 only series in which all cases were examined by MRI were included in this analysis. The prevalence of multiple cavernomas was thus analysed in 326 cases. Seventy five patients (23%) had multiple cavernomas. Ten (42%) were male and 14 (56%)were female and sex was not stated in the remainder.
Based on 17 patients with multiple cavernoma in whom the number of cavernomas was stated, the mean per patient was 5.2 (range 2-19, mode 3). In 44 patients for whom the data were available, there was no correlation between the number of lesions and the age at which the subject was imaged (Pearson's r 0.2). Although nine (38%) patients with multiple lesions were Hispanic, race was specified in too few cases (18, 12%) to allow meaningful analysis. Similarly, anatomical location was only specified for 15 cavernomas. Of 54 patients in whom the presence or absence of a family history was stated, there were 10 cases of multiple cavernomas, eight (80%) of which were multiple. In the remaining 44 patients with solitary cavernomas, five (11%) had a family history of cavernoma. Multiple cavernomas were thus clearly more frequent in the presence of a family history ( 2 =1x10 -5 ). In our series two patients had multiple cavernomas. Patient 10 had five (three cerebellar, one left parietal and one right orbitofrontal gyrus) and patient 6 had two closely associated lesions in the left superior temporal gyrus. Neither had a significant family history.
CLINICAL MANIFESTATIONS (OVERVIEW)
Literature review For this analysis, series that did not state all manifestations in each case or that were biased with respect to manifestations (for example, those exclusive to patients with epilepsy even though other manifestations may also have been given) were excluded. Of 296 suitable cases, 235 (79%) had seizures alone or in addition to other manifestations. Forty two (18%) of those with epilepsy had additional manifestations, most commonly intracerebral haemorrhage in 24 (10%) patients. The second commonest manifestation was intracerebral haemorrhage alone or with other manifestations, occurring in 47 (16%) patients; sex was specified in only 23 of these cases (male 12, female 11). Further details of the clinical manifestations are illustrated in fig 1. CASE SERIES By selection, all patients had seizures. In addition, there was a history of an acute neurological event in three (9%) but with good evidence of an intracerebral haemorrhage in only one. Headache occurred in eight patients with migrainous features in two. Patient 31 had a mild right hemiparesis and patient 5 was noted to display right hyperreflexia. Patient 10 had multiple, biopsy confirmed capillary haemangiomas on the face and upper chest.
Prevalence of epilepsy in relation to lesion location in the literature
Only series in which all patients had MR examination were included as otherwise there may have been unrecognised multiple lesions. For lesions in the cerebral lobes, there were 261 patients in which lesion location and the presence or absence of epilepsy was stated. The relation between lesion site and epilepsy is shown in table 2. There were no significant associations of cavernoma site and the occurrence of seizures using 2 tests.
SEIZURE TYPES
In the literature, seizure type was specified in 136 cases. Fifty eight (43%) had secondary generalised seizures with or without other types; 50 (37%) had complex partial with or without simple partial seizures; and 28 (21%) had only simple partial seizures. No frontal lobe seizures or cases of status epilepticus were recognised. In our case series, 23 (70%) patients had generalised seizures, although only a single one in five cases; 19 patients (58%) had complex partial seizures. The prevalence of generalised seizures in the literature was analysed according to the site of the cavernoma. After exclusion of cases with multiple lesions suYcient information was available in 110 cases (table 3) . There was a higher proportion of generalised seizures for frontal lesions compared with all other sites ( 2 test, p<0.001). Temporal lobe lesions were significantly less likely to be associated with generalised seizures compared with those in the other non-frontal sites ( 2 test, p<0.001). In our case series, the findings were markedly different in that of 20 patients with temporal lobe lesions, 16 (80%) had generalised seizures; of seven patients with frontal lobe cavernomas, two (29%) had generalised seizures.
In 113 cases in the literature in which lesion location was specified, the presence or absence of intractable epilepsy was given. There was a tendency for temporal lobe cavernomas to be associated with intractable epilepsy but this was not significant ( 2 test, p<0.36). In our series, the proportion of intractable patients with temporal lobe lesions was similar to that with frontal lobe lesions (56% and 57%, respectively). 
Literature review
Four hundred and three patients with seizures were operated on. The mean age at surgery was 33 years. Further analysis was restricted to 268 cases in which at least 12 months postoperative follow up was given. We adopted a simplified version of Engel's classification 59 system to accommodate the outcome data available in the literature, placing cases in the categories seizure free, improved, no change, or worse.
Of the 268 cases analysed, 226 (84%) were seizure free and 21 (8%) were improved; in 16 cases (6%) there was no change and in five (2%) there was deterioration (fig 2) . No postoperative deaths were reported in the series analysed, although they have been reported in other patients undergoing epilepsy surgery for cavernomas. 35 In 85 patients in the literature in whom individual data were available, the duration of seizures at the time of operation was significantly shorter in the group with a seizure free outcome compared with the group with continuing seizures: mean 3.5 years (SD 4.5), range 0.0-19.0 and mean 8.2 years (SD 7.0), range 0.0-23, respectively (two tailed t test, p<0.002). The mean age of onset of seizures was greater in the seizure free group than in the group with continuing seizures but this was not significant: mean 24.5 years (SD 15.5, range 0.25-63.5 and 18.6 years (SD 9.2), range 1.9-3.6, respectively (two tailed t test, p=0.16). The breakdown of seizure outcome in the literature in relation to cavernoma location is shown in table 4. On 2 testing none of the diVerences were significant.
CASE SERIES
The individual clinical details are presented in detail in table 5. Seventeen patients were operated on. In two patients two operations were performed. The operation type was lesionectomy in 14 cases (82%) (with stereotactic guidance in eight), temporal lobectomy in one, electrocorticographically guided frontal lobectomy in one, and subpial transection in one. The mean age at surgery (second operation where relevant) was 37.3 years (SD 8.5), range 27-54. In one (patient 23), the lesion remained after attempted stereotactic lesionectomy and therefore a repeat lesionectomy was performed 7 months later. In the second (patient 26) there was no improvement in epilepsy after stereotactic lesionectomy and, although the lesion had been removed, a temporal lobectomy was performed 4 years later. The mean postoperative follow up was 3.2 years (SD 2.1), range 0.73-8.3. The outcome in six patients (35%) fell into Engel's class I-that is, seizure free; four (24%) were class II-that is, rare seizures; three (18%) were class III-that is, worthwhile improvement; the remaining four (24%) were class IV-that is, no worthwhile improvement. In no patients was there any deterioration in preoperative focal neurological deficits. Patient 19 developed postoperative non-convulsive status epilepticus and subsequently exhibited expressive dysphasia that had largely resolved at a 6 month follow up. The duration of epilepsy at the time of operation was greater in patients with class IV outcome (mean 21 years (SD 12), range 12-38) than in those with class I-III outcome (mean 12 years (SD 10), range 0.7-28) but this was not significant. HAEMORRHAGE 
RATE
In 47 cases in the literature the age of haemorrhage was specified (fig 3) . The mean age of haemorrhage was 23.5 years (median 20.2 (SD 15.2), range 0.6-63.5). To estimate the haemorrhage rate, cases were identified in which the first manifestation was not a haemorrhage and data were given on the subsequent clinical course, including the duration of follow up from the initial manifestation. For each case, the length of observation was considered to be the interval between the first manifestation and the last available follow up or excision. In 145 patients suYcient data were available for inclusion in this analysis. The mean follow up period was 5.6 years (median 4.6 years, (SD 5.8), range 0.01-24.5; 17% of those remaining at risk at 5 years and 13% at 10 years) and the total person-years of observation was 810. Six (4%) had a haemorrhage subsequent to their initial manifestation giving a probability rate for haemorrhage of 7×10 -3 (0.7%/ year).
Discussion
There is an overrepresentation of operated cases in the literature partly because before the widespread availability of MRI the diagnosis of cavernoma could not be confidently made without histological examination; MRI is the most sensitive and specific non-invasive investigation in the diagnosis of the cavernous haemangioma and allows the diagnosis to be made with suYcient confidence to allow comparison of conservatively and surgically treated cases. 22 23 We have therefore carried out a literature review and retrospective case series of patients with epilepsy associated with supratentorial cavernomas, minimising selection bias by inclusion of cases diagnosed by MRI alone as well as by histological examination with or without MRI. As the MRI appearances of the cavernous haemangioma are not entirely specific, the study may include a few false positive cases reducing its internal validity. Nevertheless, this reflects clinical practice and is therefore likely to be more valuable in the development of guidelines for management.
In the literature review cavernomas were distributed above (80%) and below (18%) the tentorium, which is roughly in proportion to the volume of brain in these areas. In both the literature review and the current series, relative to brain volume, cavernomas occurred less often in the frontal lobes than in the other cerebral lobes. This may reflect a higher proportion of frontal lesions remaining asymptomatic due to their location in "silent" cortical areas, rather than a true preponderance of cavernomas in non-frontal sites. There was an excess of temporal lobe lesions in the case series possibly resulting from a case selection bias toward intractable epilepsy. It has been suggested that temporal lobe cavernomas are more likely to be associated with intractability 28 and this trend was evident in the literature review although it did not reach significance. The excess of left frontal over right frontal lesions in the case series was likely to be chance as the numbers were small and were not confirmed by the literature review.
Previous estimates of the prevalence of multiple cavernomas have varied widely, and have been as high as 50%. 22 Many estimates are likely to be inaccurate due to inclusion of those not examined by MRI, overrepresentation of Hispanic people and case finding by formal or informal recruitment of probands' relatives. With respect to the prevalence of multiple lesions, our literature review considered only series in which all subjects received MRI, but eliminating the last two biases was impossible as few papers explicitly declare them. We therefore think that our estimated multiple lesion prevalence of 23% is the most accurate possible, but the true prevalence may well be lower as reflected by the 3% prevalence in our series which excluded the above biases, although the sample is small. It has been suggested that multiple lesions are more common in females 60 but this was not supported by the literature review.
The literature review did not suggest that cavernomas in the temporal lobe are more likely to be associated with seizures than the other sites. In the literature review, 43% of patients experienced generalised seizures com- pared with 70% in the series. This is likely to reflect a selection bias toward more intractable patients in the second. In the literature, frontal lobe cavernomas were more often associated with generalised seizures and temporal lobe cavernomas less often. It seems likely that a proportion of the seizures associated with frontal lobe cavernomas were in fact frontal lobe seizures.
For supratentorial cavernomas, our review provides the largest survey of the clinical manifestations. A high proportion of patients, 79%, experienced seizures underlining the increasing importance of these lesions in epilepsy practice. It is likely that before the widespread availability of MRI many cases of epilepsy associated with cavernomas remained cryptogenic.
The seizure outcome of lesionectomy in the literature seems excellent with improvement in seizure control in 92% of cases, amounting to abolishment of seizures in 84%. However, this should be interpreted bearing in mind the limitations of the data available in the literature. The detail with which outcome was described was scant in many papers and very few used a recognised rating scale. We therefore adopted a simplified version of Engel's classification system 59 to accommodate the outcome data available, placing cases in the categories seizure free, improved, no change, or worse. Patients reported to be seizure free without any further qualification or with some qualification, such as auras only, compatible with Engel's category I were placed in the seizure free category. These broad categories will, in reality, encompass a wide range of outcomes. There have been no prospective trials with patients randomised to conservative or operative treatment. Retrospective series will contain significant bias towards subjects with characteristics that are favourable for good outcome after surgery. Although most of these patients did well after surgery, many of them may have done equally as well with medical treatment alone.
The seizure outcome in our case series was less favourable than in the literature review, probably reflecting the high proportion of intractable patients. This underlines the need to consider the results of seizure outcome in the literature critically and consider individual patient factors in detail. Three (patients 17, 18, and 26) of the four patients falling into class IV (no appreciable change) had EEG data suggestive of additional seizure foci outside the operated area. In the fourth 33 the location of the lesion in the precentral gyrus limited surgery to a subpial transection. In our series, the mean duration of epilepsy at the time of operation in the class IV patients was longer than those with better outcome. This finding was confirmed by the literature review. Similar findings have been reported for arteriovenous malformations. 61 According to Morrell's model of secondary epileptogenesis, increased duration of epilepsy favours the evolution of secondary epileptogenic foci remote from the structural lesion. 62 If, as these findings suggest, the duration of epilepsy at the time of surgery has a negative influence on seizure outcome, then there is a case for performing resection sooner rather than later. However, in retrospective studies such as the present one, it is not possible to draw firm conclusions regarding these factors.
It was only possible to analyse the outcome of lesionectomy as there are very few reported cases in which other forms of surgery, particularly temporal lobectomy, were employed. The increasing recognition of dual pathology (a temporal lobe lesion in addition to mesial temporal sclerosis), 63 however, makes this an area in need of further investigation. In one of the patients in our case series (patient 26) an initial lesionectomy provided no improvement but there was worthwhile improvement after subsequent anterior temporal lobectomy that included the mesial temporal lobe structures. Unfortunately, because of tissue fragmentation it was not possible to determine whether or not this patient had mesial temporal histological abnormalities. The good outcome figures may suggest that excision should be performed whenever technically feasible.
The second commonest manifestation of cavernous haemangiomas in the literature review was intracerebral haemorrhage. The definition of haemorrhage is confused in the literature as some authors include cases with histological evidence of haemorrhage but without a suggestive clinical history. To what extent clinical manifestations arise from non-dramatic bleeds is unclear, but in our analyses we have restricted the definition of haemorrhage to mean a typical clinical intracranial haemorrhage event or a less typical event, such as headache or a seizure, with clear radiological evidence of an acute bleed. We have estimated the risk of haemorrhage to be 0.7% a year. For this analysis, we excluded patients who had first presented with a haemorrhage and defined the beginning of the observation time as the onset of the first manifestation which was usually epilepsy or seizures. Ideally, the estimation of haemorrhage risk would be derived from an unselected group of patients with cavernomas identified by a screening process. In the absence of these data, however, we think that our approach oVers the most accurate and clinically useful estimation of haemorrhage risk. It may overestimate the risk as individuals with no manifestations subsequent to their initial one are probably more likely to be lost to follow up. Previous authors have estimated haemorrhage rate in cavernomas (supratentorial and infratentorial) to lie between 0.25% and 1.3% a year. 20 39 46 The higher estimates probably result from inclusion of patients who had previous bleeds as in such cases repeat haemorrhage is more likely; Kondziolka et al, for example, found that the risk of a repeat haemorrhage was 7.5 times greater than the risk of a first haemorrhage. 46 As the number of patients with long follow up in the literature was limited we have not presented an actuarial analysis of haemorrhage rate. However, fig 3 illustrates the age of occurrence of all haemorrhages in the literature, regardless of whether haemorrhage was the initial manifestation or if this was not stated. Ninety per cent of haemorrhages occurred below the age of 40 years, with a peak in the third decade, suggesting that the risk of haemorrhage is not constant at diVerent ages. It should be stressed that this discussion is restricted to supratentorial cavernomas. Those in the infratentorial compartment require separate consideration. 64 The eVect, if any, of pregnancy on the behaviour of cavernomas and their associated symptoms, is unknown. Whereas there are reports of haemorrhage and new onset of epilepsy during pregnancy [65] [66] [67] we think that it is impossible to determine whether there is an association from the literature as no case series report the proportion of patients who were not pregnant at the time of a bleed. In the literature review, there was no excess of females with haemorrhage which might be expected if pregnancy is a major factor.
Experience with radiosurgery in the treatment of cerebral cavernomas is greatest in the prevention of haemorrhage from brainstem lesions. Whereas some authors have reported good results others have found a high rebleed rate (8-33%) with a high incidence of radiation induced complications and a histological study failed to find any significant changes in cavernoma tissue post-irradiation. [68] [69] [70] [71] [72] [73] There are very little data on the eVect of irradiation on epilepsy. At least until further data are available, radiosurgery should be reserved for cases in which haemorrhage has already occurred and the lesion is judged to be inoperable.
Conclusion
The lack of prospective studies limits the development of optimum clinical management of epilepsy associated with cavernoma. Retrospective surgical series may often show good results with a high proportion of patients seizure free or improved after surgery, but the outcome in such patients if they had not undergone surgery is unknown. In cases of medically intractable epilepsy in which operation is technically feasible and it can be shown that at least a high proportion of the seizures can be localised to the region of the cavernoma, surgery is a reasonable option. However, in non-intractable cases it is unclear whether early surgery is advantageous. It is plausible that a longer duration of epilepsy may prejudice the outcome of any surgery ultimately performed. Kindling eVects may play a part in increasing intractability but in addition, although the cavernoma is a benign lesion, it is an evolving one subject to repeated or possibly continuous haemorrhage and reactive organisation with the potential to produce disruption of surrounding tissue and the deposition of haemosiderin known to be potently epileptogenic. 74 Serial MRI may oVer a useful means of following lesion evolution for this purpose. A more complete understanding of the biological behaviour of the cavernoma and the relation of this to epileptogenesis may contribute to the development of more rational management but ultimately the question of the optimum management of the cavernoma presenting with epilepsy can only be addressed by a prospective trial with randomisation to operative and nonoperative treatment. Based on our experience and other published retrospective series, such a clinical trial would be feasible with a multicentre approach. 
